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PROGRA'1 DESCRIPTION
A. IDENTIFICATION
Program Name	 - Thermoregulatory Model of Stolwijk (Transient
Version)
Bioengineer Contact - D. J. Grounds
Programmer	 - V. J. Marks
Date of Issue	 - June 30, 1974
B. GENERAL DESCRIPTION
This user's guide and program description updates and replaces
TIR 741 -MED-3011. The model is designed to simulate the transient
response of the human thermoregulatory system to thermal inputs. The
model consists of 41 compartments over which the terms of the heat
balance are computed. The control mechanisms which are identified arc.
sweating, shivering, vasoconstriction and vasodilation.
C. USAGE AND RESTRICTIONS
Machine and Compiler Required - Univac 1110 TSS and FORTRAN V
Peripheral Equipment Required - Time Sharing Terminal
- Tektronix 4010 Graphics Terminal
D. PARTICULAR DESCRIPTION
A detailed description of the basic model is given in references 1 -5.
The current modifications include an improved shivering mechanism and
the introduction of a graphics output option.
The shivering mechanism which appeared in earlier versions was des-
cribed by the following equation.
QSHIV = CCHIL*COLD (1) + SCHIL-COLDS + PCHIL*COLD (1) *COLDS.
But, since CCHIL = 0.0 and SCHIL = 0.0, the expanded equation becomes
QSHIV = 12.22 (Tcore set - Tcore) head* ( Y. K(1)*(Tset(1) - T(1)
where 1 equals all skin compartments and K(l's) are constants based on
the weighted mass of each skin compartment. This equation was based on
the widely accepted data of Benzinger and Kitzinger(6). However, the
data are presented with average skin temperature as an independent
prs
L
2variable. This does not allow verification of the model equation
because of the introduction of set point temperatures for each skin
compartment. The improved modeling of this mechanism is complicated
by several factors. First, although the role of hypothal raic tempera-
ture signal and skin temperature signal has each been established as
necessary for shivering, the functional relationship for the combined
effect of skin receptor signal with hypothalmic signal is unknown for
conditions other than uniform skin temperature. Further, the heat that
is generated by chemical reactions as a response to cold, chemical
thermogenesis is initiated by the same control signals and is therefore
extremely difficult to separate from shivering thermogenesis. Shivering
can also be initiated through the higher centers as a general sympathetic
response. Also, there is -onsiderable variation in the shivering res-
ponses between male and female subjects. These factors have contributed
to the lack of an accepted control system model of the shivering mech-
anism.
In order to make the best use of available data without making assump-
tions which seriously limit the accura , y of the model, the approach
chosen was to derive an empirical relationship from the experimental
data. This approach was also taken by Riggs (7), but acceptable corres-
pondence to the data could not be obtained using his equations. Although
this approach seems to fulfill the requirements of the model, it should
be reviewed whenever a more complete understanding of the mechanisms of
this process is gained.
By using a combination of linear and parabolic regression schemes based
on least squares criterion, a set of equations was found to approximate
the curves of reference 6, page 649. These equations are:
XTC = TC - (.1 ((37.0 - TC) 1.7) 2 ) / 10)
	
(1)
RM = 22221. -614.2 (XTC) + TS (-1933.2 + 53.66 (XTc) )
	
(G)
+ TS  (46.45 - 1.289 (XTC) )
QSHIV = RMS-Q$ASAL 2 0.0
	 (3)
where
Q,SHIV = Rate of heat produced by shivering BTU/HR
Q MAL = Basal Metabolic Rate BTU/HR
RM = Metabolic Rate	 CAL/SEC
RMX = Metabolic Rate	 BTU/HR
TC = Intercranial Temp.	 0 
TS = Average Ski^ Temp.	 0 
The fitted curves are shown in Figure 1 with corresponding experimental
data.
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E. DESCRIPTION OF INPUT
The user must specify if the graphics output capability is required.
If graphics is required, then a list of variables to plot is solicited.
Upon completion of the list a name list input is requested. This
request is answered as shown in the example of Appendix 2 by supplying
the following values:
Col. 2
RM Total Metabolic Rate BTU/HR
US Basal Metabolic Rate BTU/HR
VEFF Efficiency of useful work
AC Surface Area for Convection FT2
AR Surface Area for Radiation 2FT
':CAB Temperature of the Cabin OF
TW Temperature of the Walls OF
TD-rVC Dew Point Temp. in Cabin °F
VCAB Cabin Free Stream Velocity FT3/SFC
VEFF Ventilation Efficiency %
PCAB Atmospheric Pressure in Cabin PSIA
G Gravity Normal to Earth
CLOV Clothing Thickness/Conductivity FT2HR °F/BTU
EUG Emissivity of Undergarment
CPG Specific Heat of Gas BTU/lb°F
DT Integration Step Size (.05) MIN
PRINTI Print Interval MIN
SETI Max Time/Run MIN
MCASES Number of Imposed Case
MCASES = 0 Initial Conditions (Not plotted)
MCASES > 0 Imposed Case Using Final Values for Starting Point
To complete the namelist, input a $ END is entered beginning in column 2.
F. DESCRIPTION OF OTTTPUT
See Appendix for example output.	 The graphics output option which has
been added Lo the program is demonstrated in the example run shown.
It includes some conversational input to specify the variables to plot
and their ranges. There are 55 variables which can be used with the
graphics option:
1-43 Temperatures of the T Array of
(See TIR 741-MED-3011)
44 TUGAV Average Temperature of Undergarment OF
45 SQUG Sum of Sensible Heat Transfer Rate BTU/HR
46 QEVAP Heat Transfer Rate of Evaporation from Surface BTU/HR
47 TOTL Total Latent Heat Transfer Rite BTU/HR
48 TDEWC Dew Point Temp. in Cabin BTU/HR
49 WORK The Metabolic Work Performed OF
50 QSHIV Heat Produced by Shivering BTU/HR
51 STOP/.T The Rate of Heat Accumulation BTU/HR
r
t 
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52 Q,STOR Total Heat Accumulated BTU/HR
53 TCAB Temperature of the Cabin BTU
54 VPDEW Vapor Pressure at Cabin Dew Point of
55 U Useful Work Performed BTU/HR
G. INTERNAL CHECKS AND EXITS
The model will proceed until a stead;-state condition is met (Storat -
Oldstor/Storat) <.01 or until maximum time is exceeded whenever
MCASES = 0. The model is then initialized with the steady-state values
and thermal transients are then simulated for MCASES >0.
H. INDEPENDENT SUEROUTINES
The Independent Subroutines are MANT, SHRT, VPT, CQ,SH, TCF, GVAR, and
the Tektronix Plot Package. The Subroutines are listed in Appendix 1.
I. SYSTEM SUBROUTINES
No special system routines are required.
J. COMPLETION DATE
June 25, 1974
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APPERMIX 1
PROGRAM LISTING
TRAN S IrNT THE RM AL MO')EL
END
C	 STOLI'I.iK - ME T AMOLIC --"AM-
 TRANS-TFNT-MDDEL --	 ------ - —	 —
COMMON/NSHIV/TAVG,TC9RMX
COMMON	 T(43), TUGAV• SQ')G.QEVAP,TOTL,TDEWC.vOaK,QSHIVr
6 STORATrQS TUR , T CA H rVPOEWrU,TUG(101 9 ACE(10 )9ARE(l0)9 	 l
G PCAA,RM,QLCG ► Cf41).TSrT1431rT49EUG9CL0wCfAG ► VEFFrGr
b VCAR,DTIMErVBASAL
" - - COMMON / D t-AG / QC ON V twt)1, g CO N Ot 4Ifi),BFt4tA1cgMET1401iTEST(41t-jA ARM fITT --`
D IM ENSI O N SAVTUG110)•SAVT143)oPCA11019PLT(551rNI(8)
EQUIVALENCE IP LTII),T(111	 -	 -
DATA PCA/.079.36029.0670S „ 067x75,•IS87,•1587,•025,.0Y5,2••C343/
DATA(TSET(I)rlsl#43)/9A. 6,97,A,97.0,96.6i98,8,98,3r955.9,94,4i96.1
►
•	 95.1,94. 1*93.7,96,199501,94.1993.7o'7.6r96.59
__ —.^-	 --•-----	 95.1 , 9 4.5,97.6,96.5,95.1 ,94,5r9s•9,95.7,95.6, - _..
•	 95.^,95.v,95.7,95.6995•Sr95.8r95.5,95.1,95.59
•	 9g.d,95.S,95.7,95,5,98,5i95„ 95,/
DATA C/6,67,1.488,0.";96, U.535,20.9,3499,9.42,2,69,1,382
•	 ,3.35,0,6449,1,4849 1.313293,35,0.6449004840404110.2
	
1•	 01.59,1.142x4.4,10.291.58r1,192,0•1568r0.0738,
---__F-	 t).09troro184,0.1568,0.0738,0,0992,0.184,0.2645
	
a
•	 0.0738, il, 14190 ,297,0,2645,0.0738,0,149,0.247,
•	 4.74/
DATA K'Y,RQ/1HY9O.R2/
C
C	 DCFI ►i1TION OF BODY SEGMENT TEMPERATURE SUBSCRIPTS
C ?-t I 1 • NFAU C OR E 	 Tt21 = 
- HEA13 MUSCLE
	
TTT---w HE A D FAT
C	 T(41	 n HE A D S K IN	 T(5)	 . Tr2UNK CORE
	 T(6)	 n TRUNK MUSC
C	 T171	 n TRUNK FAT	 Tin)	 TRUNK SKIN
	 T19)	 n RIGHT ARM
C	 T(10) n RIGHT ARC., M USCLE	 Till) . RIUHT ARM F AT	 T(12) n RIGHT ARM
C	 T(13) n LEFT ARM CORE	 Y(14) n LEFT ARM MUSC I F	 T1151 n LE F T ARM F
C	 T116) s LEFT ARP SKI , o	 T(17) • RIGHT LEG CORE	 T(18) n RIGHT LEG
C	 T 4 19 1 n aIGHT LEG FAT
	 - T(20) n R IGHT- LEG SK IN	 T(211 n LE F T LEG r_
C	 T(22) n LEFT L E G MUSCLE
	
T(23)	 LEFT LEG FAT	 T(24) n LE F T LLG S
C	 T125) n RIGHT HAND CURE	 T(16) n RIGHT HAND MU5CLET(27) n RIGHT HAND
C	 T(28) n RIGHT HAND SKIN	 T(29) s LEFT HAND C ORE	 T(30) n LEFT HAND
C	 T(31) s LEFT H A ND FAT	 T(32) n LEFT HAND SKIr4
	T(33) n RIGHT FOOT
C	 T(34) n RIGHT FOOT MI)SCLF T (35) n R IGHT FOOT FA)	 T(36) n RIGHT FOOT
C	 T( 171 • LEFT- FOOT C{1K{	 T l 3A )
	
-LEIF? roOT yUSCLE -T( 3 9t--w LEFT fOOT
C	 T(40) n LEFT FUUT SKIN	 T141) n CENTRAL BLOOD	 T(42) n AVERAGE SK
C	 T143) n AVERAGE M05CLE
C
NAMELIST/INPLIT/ RM,Q9S,i1EFF ► AC9 AR,TCAB,TW,TUE.C ► VCAR,VEFF ► PCA8
b	 •G9CL.OV,EUGrCPG,nT,PRINTI,SETI,MCASES
--	 E0MMn'1/PLTgUFP46Uf •X8t 4 F1 1 4 1 ),YRUF( 18118) 00413) ► KSTOPP ► SETI ► NN
AR ITE (6910)
10 F09MAL(/ 6 000 YOU JYAMT G R APHIC INSTEAD CF T A BULAR OUT PUT? lY/N) ► )
READ (5915) K Y Y
I'i FORMAT(1AI)
IF (KYY • EQ•KY) KPLTal
IF 4*QI. T .GT +$ t ­ C-ALL-6VAR-"-fTNl1"/'"+
	
-----
2'1 IF (KPL T .EQ • I .AND• NB 1 1F9GT.01 KSTOPPsI UkEGJNAL t .rt
IF(ICONO.EQ•0)t,KPLTsKP!_T
	 OF POOR QUA
IF (KSTOPP•LT.1) GO TO 25
CALL PLOTX
KSTOPP n O
--NOUF n 0 -- -- -	 --	 __^._.---	
-- ----.
2S 4RITE(600)
r	
f	 1
IWANSIENT THERMAL MODEL
30 FURMAI(/ I DINPUT DATA USI roG NA 4 ELIST SINPU*9/11
READ(5, INPUT) - --- --
	
------ -	 -------	 --_ _
pdASALm08S
I F (Q g AS A L • L T • r1•JI ) 4BASAL=203•
I F (ORAS A L . GT*N M ) -:8A5ALwRM
4 R I T E 1 6 9 I NPU T)
IF (NCASES.Ed•0) .,RITE (6,601
--- --44- F O RMAT _ 11440  , 1 74-* 1 dui 4 1 T -1 AL { 0 kft 1 T I O N S 04 V---- --.	 —	 — - --- - --	 -
I ► 	 ("CASES-NE on) .-RITE (e,80)
K11 FORMAT II04U,17X,Ic3HIMPr%SE0 CO Q O ITIONS // I 	 -	 -	 {
DTIMF.DT/6n•
SETX w SF T I /6C. 	 -
IF(NKPLT •EQ•l•AND.MCASES.GT .OIKPLTa1
--	
SETT .SETA	 -	 -	 --	 - -- -- - --- - — ---
P'iiNT n PRINTI/611.
C
C	 IN'ITIALIZAT104
C
PRNO ^•PR INT
Ir (MCASES•(jT.0)GU To 140
1i	 (ICOND.EW.I •At.D. MC: A SES.E f).n) ViRITF.(6,654)
654	 FORMAT( t NOT 1141TIA117ED AT STEADY STATE$)
KPI. T n U
ICnNO00--	 .--.	 -- - ---	 ---_ -- --
KOONT=0
ALCG•0•
SWUG n O,
OLVAPa0*
TUTL=(d ,
W5H 1 V a n* - ----
	
—	 --	 -	 - - -	 -
9STOR n O-	 i
STORAT n 0.
()U 170 1 n 1,43
IO(• T ( I) n TSET (1 )
TUC,AV n T (4 2 )
--	 •^ u 1 2 0 L-A-1 ► 1 u
J O 4.1
12f• TUC-(1)•T(J)
14G DO 160 I n 19IU
J=4.1
ACE (1) mP CA (1) •AL
AF,E.(I) n PCA(I)•AR
16C CONTINUE
STIMErSTIME;TIME
TIME a U.	 -
UUEFF
t l QBASAL.^•1L 
A SAL 1	 OR(GINA^:WORK	 P ^  ^ R 1 ^	 OF POOR
	 -- —	 -- - ----VPDEWmVPT (TOEoC 1
	
QUALI^f
CL(1s.88 0 CLO V	- 	 _--
1 P  CUNT 111('E
20C FORMAT(115H1	 TIME
	
TEMP
	
AV TEvP	 TEMP	 Q
1 0 EVAP	 q :. A TF N T	 NEAT	 SHIVER	 TOT;L	 CABIN	 DEW
- 2 - -	 #/-  I.-25H - - - M1N-- -- ---	 -- - HE AI}-	 N -,--- ---UNDER-- SE NS^$tlr ----
3BTU /H R	 BTU /MR STORAGE
	
RATE	 MEAT TEMP	 POINT
	Tt ANSIE ► , T T H ERnAL MOOFL	 i0
M	 / 125H	 CORE	 F	 GARMENT
	
8TU/HR
5	 *Aif	 RTII/"R
	
SIARAOF f
	
F
is	 /	 gem	 F	 F
7	 PTU/ $lq 	 BTU //1
LC n 7
^kITFIh,7Bo)
78Y Fv 1tMATtIH ,3 -X-j- 4 TMIm3 oi-It)C 1 • HEAnCORE
	 A VO N Ktt't TUC AV	 -SVOOD	 Qr--
CVAP	 INSENS	 STO P AT	 GSNIV
	
GSTOR	 TCAS	 TDENiC•)
C	 MA IN LOOP FOr+ SH I 'tTSLCFVF CASF
	 -
22t' PTIM .TIME06U.
IF (LC.GT.S H) GO TO ISO
I F (MCA5rS.EQ.01GO TO 547
NOUF•',3UF+1
IF iNdUF.GT . 181) N9uF•IdI
Xd0F t N AUF) n ('TI M 	 rASE
00 230  1 0 1 1 N ti	 pa1GR QUA,
N I I a N I ( I )
	
-----
	
of
 YBUF ( N 8 U F , I )'PL T	 I I )
IF IKPLT.(,T•O) CALL p1 -r+TX
I F (KPLT.GT-JI GO To 260
567 CONT 1 •wE
C	 WRITF(612)TAVG1RMx1TC10SHIV
2	 FORMATf kW- v 6A w -1SA I N -T 0-4 1 F II•S9!3x-C • Mf It PArlt: A tF11- 0 5 . -
G SX i'I-C TEMPD•,FII.S,r)X,10SHIV n $,FII.S)
C	 UOAA7 IL n 1.3398
C807	 ,rR ITF(4o8 F19)I0 00NV(IL-I + ILL),ll . Lol ,8)
BA6
	 FORMAL( 8F962)
#MkITF(69240)PTIM,T(1),T(42),TIJGAV,T(41)oQrVAp1TOTL,STORAT,
G Q%HIv,QST0HtTCA9,TDEvf:
24n FORMAT(F8•199X111F9.2)
26 fl OLDSTR n STOkAT
C--------------------------------------------- -------------------------
C
CALL SHRT
C	 -- -
C
--------
 
---	
-------------_m -----------------------
TimEwTIME +DTl?lE
IF IAHS(STO f1A TI . GT.2.l GO TO 280
IF IAyS ( (OLOSTk-S T ORAT)/!00RAT)OLT..O(11) , O TO 3UO
2 p u IF (TIPlEsbE-5ETT) GO TO 340
IF(MCA-SES•E4. 4 ))GO T$- ^bU
	 -	 -	 -----
IF (PR)JO,r.GT.TIME) GO TO 260
PRNO ►1 n PRNO**PR I NT	 ---	 -
GO TO 220
300 PTIM.TIME•60.
PRNO8mTIME+DIIME
	
-- IF(MCA5E5•EQ*0)G0 T4) -SAB- 	 -	 -
NSUF•rjPUF+ I
IF (mtiuF.GT • 181 ) NBUF-191
XdUF(NHUF) n FTJM
00 310 I •l lNN-
I411a"II ( I )
3 1 T'- -Y8Uf f h H U F of —PL T (+-I-- ► -----	 - ---	 --	 _
1F (KPI-T.GT-U) CALL PLOTX
a^
FIP
GE I"
TRANSIENT THERMAL MOOFL	 OOR QUALITY	 110
Ii IKPLT,(jT-U) V. TO 315
566 CONT I M oE	 - -	 -	 ---	 - -
A K ITE (6,240)P11MoTIlley(42),v1JGAVoTI411te.%EVAPoTOTLOSTORAToWSN1Ve
•QSTOP I TCAB,TUEOC
3 1 1 , K011NT.KGUNT • 1
IF I I(O N U • EU*I* A NL.KOUt)TaLE*MEASES) Gn TO 38;t
C	 SAVE INITI A L CONDITION R ESULTS TO START I N POgED r:ONOITION CASES
321 I- D 0 3 4 0 1 n I • 4 ]	 - -	 - --	 - —	 -- -	 - - ----
SAVT(I)aT(I)
341) CONTItv((E
00 3A0 181910
SAVTU611) n TUG(I)
3611 CONTINUE
XTUGAvaT U(a AV- 	 .—.	 -	 _^-	 ---- --
XSQUG n S000
X 1.EVAPaQEVA P 	_.
XTOTL-TOTL
XSTRATaSTORAT
XQSHIv•QSHIV
---	 XWSTnpaQSTOk
I C 0 N n a I
GO T o 2U
C
C	 RESTnpE INITIAL CMN,.IT(ON RFS , i:TS FOR NEXT CASE
C
35( i- 00 4nD I n Is43	
--	
--_-^
T(1)aSAVT(I)
400 CUNTINUE
0 0 426 1 n 19IU
TUG(I)aSAVTUC(I)
42C CONTINUE
- TUGAVax TU6AY	 __^__..._..	 _	 -• -- ___-- --
SWUG•XS000
QEVAP n XQEVAP
TUTLaXTOTL
STORATaXSTRAT
QSHiV-XQ SHIV
Ql,TOpaXQSTA)i
GU TO 20
END
SUBROUTINE SHRT
C O MMnt,	 T(43),TL;UAV,SOkICoCEVAP,TOTL,TnEwC.WOkK*QSH1V,
G STORAT,QST O Ro TCA6,vPDEwtUrTUO(10),ACF(IOIoARE(IO),
1. P-CAB, RM ,W LCG , C(4 11,TSET143)-aTX-*lEUG,CI 0#CPa4vlfF,G,
6 VCAR,DTIMF,GBASAL
COMMON/SHRTNN/ EMAX( 10),GRSENI*GRSEN200RSEN3adRSEN59QRSEN6q,_
0	 QSE(,(10),QRAD(1rl)
DIMENSION H(IU)
DATA H/o033ooC26#20*036o2GoD3lo2*,O4i2+0036/
SQUGAaO.O
SWUGW a O.O	 _.
5 W W a 0 , 0
TAv SKt4w(0.4460T(bI*ns08260T(121.0•©826aT1161+0,19Y5•T120)+0aI94T.'•
&T(24))/-9902
C • • 0 a! s •
	
• O &aua • a AUkAt" • •♦^>•asa >t • ^•+P • • s><a^siaa^^^-
	
-_ _... __
C
^k
meow
T ► AH SIENT THERMAL MODEL 12
C C A LC U LATION OF th-RADIATEDIGRAD) ANIf U-SENSIBLE(oSEN)
	
-	 -	 ---	 -	 - -	 — --
CO 6'1 I n I ' 10
J IM 4.1
TOGRaTIIG( 110460•
HC.H(I)•ACF.(I)+SWRTINCAB.VCAb)
	
---	 IF(G.LE 6 090 )6o TO 10
MCI=^.n6•ACE(l)•(VCAboo2•r,•ABS(TUG(1)-TLAB))••.25
IF (MCI GT•14C)MC=HCI
10
	
	
Hk=0.1713E-80ARE(1)-EL'G•ITOGR••3 +TUGR•02+T*R•TUGN•7MN••2+
STOR••31
1 F (I.LT9290 R 9I.GT•6 ) GO TO 20
I F (CLO,L T• 0 .O I ) Go To 2(1
TUG (11=IHR•Tu ♦ HC • 1CAH + ACt(11 /CL O•T(J))/(HR+HC+ ACE( I)/CLO)
GO Tn 40
	20	 TUG(I) n T(J)
	
40	 WUGw n HR0ITU6(1)-T4)
QUGA=HC•I7U(1(1)-TCAµ)
--	 SQUGw n S000w+avG+ ► 	 -	 _
SQUGA=SQUGA +tiUGA
QSEN(1)•QUGA
QhAO(I)=GUGti
	
6()	 CON T INU7
C	 -
C	 (ALCULATION 01 RFSPITURY SENSIBLE
C
QkSEP41 n 0,5•U.O416•PCAH• 1 	 0/(48..1	 TCAH.459.A911 •RH•CPG• ((U.3b5•T
.(1) + 0.O A 6 • T ( 2 ). 0.U2a7 • T 1 3) • (1.73P•T(5) • 0 . 2615•T(61)- T CAB)
(4 k SEN2 = P$ ) 72 • h ► RSE f `1	 -	 -
QRSEN3 n 0•U 5 7 4 • Q RSENI
Q R SEN6 = U9 5 23 • (,iRSENI
O k SE P,15 n L), 47 6 • WRSENI
Q R SE(ti 1 •0.771 •1;RSE(4 1
C
C
SLOG . SQUG A + SQUG„ + SQ'A + r!RSENI ♦ QRSrNS ^ ORSEN2 + QRSEN3
.QNSE116
TUGAV n n•3317•TUG(2)+U•104•(TUr(31+TUG(y))+0.73015^(TUG(5)+TUG16))
C
C	 CALCULATE MAAIMU* EVAW^NATION --PATE
C
DO 60 1=1110
J=4.1
VPTUG n VPT(TU(,(I))
- HE =U•126 • ACE ( I )•( TCAB + 4 6 0.1 • +1.04 • VEFF/100•*SQP T (VCAB + PCAB) —	 _...
1F(G.LF • U•0) (aU TO 65
HEl=1.320ACE(1)•ITCAB+44U•)/PCARO(PCAH ► GO(ANS(.00SePCABOTUGII)-
•TCAB)+I•U20(VPT(TuG(l))-VPDEw11)00.25
IF(HFI • GT• HE) HE n HEI
	
65	 IF(I -LT. 2 * OR* I •G'. 6) GO TO 70
-1 F fCL9- +tT• -01 ) C.Ei -T6- 70-
HECL=22.36•ACE(1)•ITIJ)+460.)-00.81/(CLO•F!CA4)
A
,q
71-A N SlE o lT THERMAL MODEL
	 13
EMAX(I)• ►+E•HECL/(ME+HFCL)•(VPT(TIJ))-VPDEw)
GU TO 76
7(- EMAx(I)8HE9(VPTIT(J1)-VPnFWI
7 1. IFIEMAX(II .LT. 0.0) EMAA(I)+n,0
6U CONTINUE	 L(
C ----------------------------------- w -----------------	
------
c
CALL - MAN ♦ 	 -- --	 — -- -	 --- -	 --
C
C ------------•----------- - ---	 ------ 
-• ----------------------
QSTOp•0•	 001NAL PA09 14
DO Inn I a l, 4 1	 OR POOR QUALITY
Q5TORw05TOR+C(1)9(1(l)- TSET(I))
4,0(1 CONTI NUE ---- -	 --- — - --	 -	 - --	 - --	 -- —
STORAT n RM-(SQUGA•SQ)1Gw•SQw+TOTL+QRSENI•QRSEN2•QRSEN3•ORSE146;
1	 ORSEN5)-U+CSHIV
SCAAC . QRSEN) + QRSENS + QRSEN2 + QRSEN3 + QRSEN6 + SQUGA
SCABI n SQUGA+SQUGW
RETURN
-	
ENO	
- -
	
-	 -	
—
SJBR(1UTINE MALT
C O MMOti	 T142),TU6AV,5206 ► QFVAp•T0TL9TDEVC4VOUNK•QSHIV•
b 5TCRAT•QSTOR,TCAb,vPnFkN,u,TUG(10)•ACE(10)tAkE(10)1
L FCAR, PM,QLCG,C141),TSET(43)•Tw9EUG•CLO,CP69VEFF,G,
V C AR, r)T(rME,WBASAL
-	 ---- ^17MM	 / SKR T-r N /EMAA_t•}0-1•QRSENl : tJR5E142•-QRSEH3" a SEN5b9Q ( 5EN6,
•	 '^5Ev110).QRAD( 10)
COMMON/DIAL /wCUNV( 40),QCOND(4n),HF(40),QMET(MO),TEST(41)•WAR14f4I)•
.	 CuLD(41) t,JDIF(1()),QLAT(!n)
DIMENSION	 S1rTFAC(1{)), VACTOR440)
n1M£ ►')S1 O N BF81491lQH( 40),AURK!!(10),CHILM(IC),SKINV( 10)9SKINC(1U)p
S K l-4,54 10)-	 -	 -	 ---
DATA S%vTFAC/04^00.OS•0.05, 1)0 0A,n.OR,U.nI,O.OI,O.Ol,0.U1,00.1/
DATA CSW•SSOoPSw,CDIL•SAIL•PDIL•COON•SCON,PCnN•CCHIL,SCHIL•PCHIL
/705•n,63.990.0,143-,9.2,n.012.78,7.7810.0,0.0,0.n,25.1/
DATA BFB/I05.690.594,0,2h4,3,7,5IO.0,14.08e59n6.4962,U,759.1.364t
0,3S2,0.S5,0.759,1.3h4,U.352,0.55s2,32,4.07,U.88,3.135 ►
a	 .-2.32t9•dl7 ♦ U.88.3.135,0*I I.0.OS5,v-065,2.2.0,1-1 •u.(155,---
0.055,2.2,1.165,0.033,n.OR8,3,3,n.165,0.033,0.0©8.3.3/
DATA Q g /.16 04 0.0 039 „Cn18,.n009,.5622,.U914,,0335,.D044•.0049,
•	 ,00d9,.nU73,,nn9R ,.OUm9,.0089,,0(1?3,,n008,.Q160•.n265,
♦ 	 .0057,.UJ19,.ol6o,.o265,.0057 „ 0019,.nCO6•.0002,.00U4,
•	 •0003,.OOC6,.On02,.oUri4,,onD39.OUlJo,ouO2t*00059.0004,
-•--- -
-i_	 -- .1,n 1U,.OQU2*.0405,-.1)0r ► 4^----- - —	 --	 - _	 ----	 _
DATA ,nRK1410.n.U.3,n,r)4,r).04,n,3,0.3,0,OOS*O.005,0.005$0.005/
DATA CHILM/GoU2390.94890.0016590.00165,0.0095.0•0095,0.UU115•
U.00115,U.nnll5,o.'!01IS/
DATA SKINV /0,132.0.322,0.0475,n.0475,n.115.0.115.0.061-10.061•
.	 0.05.0-(;S/
_ DATA, SKIHC/ 0 . 05 , 0. 15x0.025• A.n2s,U.02a•II.^2Sy . t1.-1T fi+l3. 1Z5^0♦} ^5^-
.	 0.175/
DATA S K INS/O.U81,U * 48? 92 • [1.0 77 9 2♦ O,109S•2*0 . 015 5 t2 ♦ 0. 017 5 /-
DATA FACTORl8•95,12-R2 ,22.60,r).0,3.09,IL1.7(.,28.OS,O.U,3.18i8.32•
•	 22.8U0.009lA ► 8.32922.8U.Q•0,5•)5118.70,33950.0.0.
♦ 	 5.75,I8.7n,33.50,n.0,4#50,8.3299,41,0.0,4.50,8.32,
•	 _.	 0..41_aU.'1^5.54-^1.-h3b+1j-. t0 `4r^i.54 9 1-3.34 * I 1 •93.0.8-/----
C• ♦. r ♦ r+ ♦ w ♦ wr ♦•♦♦♦♦♦♦ sro ♦ w^ ♦♦♦♦♦ r ♦♦• w ♦♦♦♦♦ ^ ♦♦♦♦♦♦♦• r• ♦♦ ^r ♦♦♦• rr ♦♦♦♦•••••
1N A ti 51E P IT THERMAL MOLEL	 14
SI EA I vSHIVER#C0 N S T RICTI0N1 (TILAftOlt CALCULATIONS
C
C• ••.•r•rrr•••••••••••r•••••••••r••••••r••••rrrr•r^rr•r•••••rr•••r.•••rr•
DO so I • l ► 4O	 l
TESTfI)wT(I)-TSET(I)
AARM(I)•0•0
COLDt11'000-	 --- --
IF (TESTO ) 20*4n.6Q
2'1 CULD(I)'-TESTIII
4 , 1 GO T o 00
	 OF 	 'A6 1 1 IyARM ( ►
 1'TES T (I )	 POOR QUA L
8 1 ) CONTINUE	 MY
TAVSK n T(421
W A RMS n 0 . 082 7• 6ARM( 4 ) 4-n:537rwAPM(M ) + Q.n4ll• WA M1121+0,041100ARM(16)
+D.093r vARM( 2(1)+0.0930^'IA4M(24)+O.011p75•WARM128)+0.01I075r
WARM(32)+0.111 995•WAItM (36)+0.01995rw'ARM140 1
CJLDS n n*Od2 7• C0LD (4 ) +1 9 567 • C O)LDI8)+0.0411 SCO L D( 12)+0.0411•COLD1161
•	 +D 093 + C7L?(2 n ► + fT.093 • Cr) l-nt241 + 0.n110 7 'S•COLDt281 +D•011075s -
COLD( 32)+O.UI`09S•COLD(341+0.91995+COLD(40)
4ARMM'0*4i 70 •tARM(6)+ 0.095 • WAR •• 110)+0.09504AR o1( )41+r)•I965r,NARM( )8)+
.	 0.;965•.1ARH(22)
COLD+ n 0.41 7 • C JL'3 (6) + Q• r) 9 5 • COLf) (l O) + 0•t+ 95 r COL0 (14) + D• 1 96 5 r COLDI l 9 )+
•	 0.1965•CnLG122)
-	 5«£AT-CSrr + NARMI I ) + 551I l*1FARM3 + f•Q W*17 ARM t1- I*WARMg	 --
DILAT-CDILrAAR'1(1)+SD1LOAARMS+PDIL•AARM (1)rWARMS
STRIC-CCON•COLD(I)*SCON•COLDS+PCONOCOLD(1)•COLDS
C A LL C)SH(T(1)9,J5HIVjTAVSK.QHASAL)
Cr••^•r• •rr.•+ r•••••••••••••r•••••••r•••••r•••r^••,.r^•rrr•rrrrrrrr••r••r
C
C CALCULATIO N OF RESPI R ATORY LATF-MT
C
C••r•rr•rr••err•••+•••••••••••r•• •r••r•rrr•rr•r••rr•rrrr^rr•r•••rrrrr•r•
QLATJ n .5.0.0419*PCAHr144./(4893+(TCAB+459.69))rRM•(VPT(093850
•T(1)+U,086•T(2)+U+0287•T(3)+0.238•T15)+(1*261SrT16))-608rVPDEO)
00((1-1000104us0)/(32.UrPCAB))
iLAT?-0.172 r 'iLAT1	 -	 ---	 -	 -
QLAT1..0574*QLATl
QLATS-0.476044LATI
QLA T 6-(i • 523 0 QLA T 1
QLAT1 n 0.771rQLAT1
Q'40QLAT1+QLAT2+9LAT3+91-AT5+QL/IT6
C+• e+rr+rrNr ai►++ +r w •e••rr1++•Nr++Nr ♦ r+• •e•rr+rr^r♦ rttH^Nr•0•0rr0r^ —
C
C	 SKIN DIFFUSION
C
Cre ••rs•:^r•err•r•• ♦ s•••rr+rr•••rr••rrrrrr••rrrrr•rr•rrrrrrrr•rrrre•rr•r
DO IOU I n 1r1U
QD1F( I 1 i 6+6 401 vPTtTI;GfI^i-vPDEw ► .AtEtf^-----	 --
I n•j CONT 1 NuE
12 3
 CONTINUE
Crr••rr••r•r••rrs• ♦••• r•••r•••s••r• ♦• rr•••r•rrrrrr^rrrrr•rrr••r•r••rrr•r
C
C	 g L ATEN T(WL A T) CALCULATIONS
- -
	 -- -	
-	 -	
— - --
C•r••rr•r••rrr^••••e••^••rrrrre•rrrrrrrrrrrrrrr^rr^•rrr•rrrr^rrrrrr•rr• ♦
	T O ANSIENT THERMAL MODEL
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00 160 1.1910
J • 4 • I	 - -	 --	 -	 -	 ---	 - -
QLAT(I) n uDIF(1)+ SKINS(I)iS*EATi2.ee1(T(JI-TSETIJ))/4.)
IF (QLAT(I) e GT.EMAZ(1)) GO TO 140
GO TO 160
14 13 QLAT(I)•EMAX(I)
l 6 3 CONTINUE
TOTLwQR
DO 1 40 I n 1•1U	 -	 - -------
QD.Qn+QDIF(l)
	
141 1 TOTL n TnTL + QLAT(I) 	 -
QEVAP=TOTL-QR-QU
C •♦ I a 1 1 • * • • i • • 0049  • • • G• N +	 ♦ • ^^ • ♦ N^ i `^^ • i • t'^^ • • ^^ ♦'f^ • !
C BLOOD FLU* CALCULATIONS
C^ e• ♦ i i i ^ s e^ i i i i i i ^•• i i i. ^ e i^^^ s i e.^ 9 i e^ e i i^ i^^^ i i^ i e i e i^^^ e s i i i i i^ i^ i^
DO 200 1=IoIU
N04i1-3
BF(N)=BFe(N)
/— Q14ETf a*) a QH4 :4) WQ1ASAAw-	 ---	 _
^•	 QMET(N*I)wQB(N+1 )*Q R ASAL+ ►-O R K t'(I )i*ORK+CHILM(I )*QSHIV
9F(y♦1) mBFB(t4+l)+'iMET(4+1)-Q81N+I)*QBASAL
Q14,ET(q+2)aQH(N+2)iQ9ASAL
-HF 4N+2fiWBFA ( 1 ++2 )
A.F	
^ q & t LY J
b(N+3) +1 + S l ;V
	) • () 1 L A t-iJ 1 1• X14 KE 1 I)
2D0 CD-NT) NUE
TSBF w BF(4)+BF ( A)+dF(12 ) 48F(16)+AF(20) ♦ BF(24)+AF(2g) + BF(32)+BF(36)
+ b F ( 40 )
C ------------------- 	 w ----------------- ------------------------------
C CIECK FnR NEGATI VE dL00n FLO
C 
ww'w- ----a w---- -
w ^Rlf- ww - -w--	 -----r a,ar as-rw^a^aaa-
DU 220 I=1940
221 I F (BF(I ).LT o 0-0)8 F (1)=n•0
C
--------	 - -------
C	 QCONV(IJmCO'4VFCTIUN FROM BLOOD TO EACH NODE
C	 QCOND(1) n CONDUCTION BET*EEN A n J A CENT NODES
C Ra w r - r w - r r w .. - a^a f f ---------------------
 M - - - - - 
- 
- - 
- 
- - 
- - - - - - 
tea- • - .^- r r r - ^^
D0 24.] I. 1 , 40
QCONVO1 = 8F ( I) i (T ( 41)-T(1))	 --
QCONn(I) n FACTOrr(I)•(T(1)-T(1+1))
241 CONTINUE
C •••iiii•ii0i0ie ♦.♦0 iir•+.•ii••i000.0$•ii•iiiiiiiiii•iii,.i••iiii••••000
C TEMPERATL
_RE CLLCULATION5 _
C- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - w - - --------  
	- - - - - -
C	 CALCULATE TEMP OF MEAD C07FtT(I)s AND TRUNK COREjT(5)9
C --•^------------------------- 	
----
	
-------------w--------------- -
T(1)=T(1)+DTI,tE/C(1)i(QMET(1)-QLATI+QCONV(1)-QCOND(I)-QRSENI)
7 (5)+T I51+III IME/t.15)!_( OdET.L51.c,}L3^TS+QCONU .^_51_- gCONIItba wpRSENS^
C------ -
	
-- 
----------- ----------- --------- --------------------
C	 CALCJLATE TEMPEkAT iJRES OF R EMAINING CORES --ARMI9+131--sLEG(17+2I).
C	 HANO(25+29)sANf) FOOT(33+37)
C ---------------------------------
 
y - - + r .^ •	 w - r - - ! - w - r w a f^.- w w - - - - - - - -
DO 260 i=9937,4
T (IG1.* -TI I L+_DT I ME/Cill)"MET1.11+QCONV-(4l-QCoND" ) L.—_
261 CONTINUE
L--
,i.,,
or
y
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C------- ----r--------•-------....r-_	 -------- 	 ... .............
C CALCt1VA TE- - TM E TEMPERATURES Or 	 1g USrCT - wHEAD ( 2) 9TRUNK116 >< RN TTOi`"^
C	 14).LEG(18+22),HANI`(26+30),FOOT(34+38)
C- - - - - - - - - - - - - - - - --
	 ---------••------_•.._ -•.-..-..------
T ( 2)•T(2) + D T l t4E / C (2 ) • (000ND(1)+QMET(2)-^LA T 2+QCONV ( 2)-000NO(2)-
•	 QRSEN2)	 _	 -
T(6) n T(6)+D TIM E/C ; 6) • IQCOND(5)+ rOMET(6)-QLAT6+000NV(6)-000ND(6)-
---	 - Q R S E N 6 )	 .. -. _ . .	 ---	 ---- -
r)o 7 q0 I n Ir1,36,4
T(I) n T( 1)+OTIME / Ctl)•tr)CONO(I-I) +QMET(I)#QCONVII) -QCONDtTyt
28r) CONTINUE
C _m ------ 
 -	
. ---------  • • --------------------
C	 CALCULATE TEMPERATURES OF THE FAT LAYFR --HEAD(3)9TRUNK1719ARM(11*1S1
C -	 -	 tfti(19+a3)eHANOt27 +31) ,FOOT139+391	 ---	 --	 --	 ---
C- 
--------------------------------------------- ---------
T ( 3) n T(3) + OT1ME / C ( 3 )• (QCOND121+9METt3)-QLAT3+000NV(3)-QCONDI3)-
)RSEN3)
no 300 I n 7s39,4
T(I)sT(I1+r)TIME/C(I)•(QCOND(I-I)+Q4ETlIl+QCOwV1I)-QCOND(I)1
ion CUNT TIIUE
C ---------------- ----------- ------------------- ----------------------
C	 CALCULATE TEMPERATURES OF T ► jt SKI .# --HEAD14),TKUMKIBISARM(12+161,
C	 LEGl2(i +24),HANO(21 +32)•FOOT(36+40)
C--•--------- ---------------
D O 320 1.4040,4
T(I) n TtI)+ D T IME / C(1	 r3C0,,0 ( I-I)+QMET(I)-ALATfJ) + QCI)NV( I!
•	 _o9EN (J) - QkADIJ) - 1LCG)
32[ ,
 CONTI NUE
C- -------------- ------------------------------- -
C
	CALCULATE TEMP OF CL N TRAL R _nOD --(41)
C
-----
- ---
	
-----------	
-.--r.^7-r.1--...r.^f1.1
SQCONV n 000
DU 34O I n 1 .4n
SQCO IJV n SQCO rjv •g CO F,IV (I )
34r' CONT I -ioE
T(41) n T(41) + Z)TIi4E/C(41 )•SQCON'V
C -----------------------------------
 r . - - - - - - ---------_-
C	 CALCULATE AVERAGE SKIti T EMPE4ATURE(42) BASED ON PERCENTAGE OF
C TPTAL SKI N ARE A F09 EACH S K IN NonE • THAT 40DE5 TEMPERATURE
C----------------------------------------------------------- W ----- -----
T(42) n 0+07.7(4)+J.3602+T(R)+n.06705•T(12)+t1.06705•T(16)•0.1587•
T(20)*C.1587•T1241+0. 025•T(28)+0.02S•T(32)+0.0343*T(36)+
•	 0.03430T 1 40 )	 - - -	 -	 -	 -
T(43) n n•02325.T(2)*Q,549*T(6)+099527•T(10)*O,n527•T(14)+0.1592•
•	 Tf18)*O.ISY2•T(22)+0.0^1IS•T1261+O,OnIIS•Tf30)*0. or) 115•
T(34)+0•QU115•T(38)
ThF n n.n
DO 360 I8100
-3*e T4"T8F 4of444--- --- —
PULSE n 5+926•TBF/60.0
RETURN	 - ----
END
SUBROUTINE CQSH(TICsQSHIV ► TAVSKsQBASAL)
COMMON/NSH1V/TAV6,TL,OMX
-
	
C ALL --TCf-fTC-TIC,0 ) - -- - - -	 -	 -- --
C A LL TCF(TAVG,TAVSK90)
L^
17	 y'^TPA14SIE ►lT THERMAL MUDFL
TC n TC - (01 -(((37. U -TC)•I.7)••2.)/l().)
Nfix a ?2221.- 6 14.2 • 4TEF + TAVG + F--1933.2 . 53♦ 66 0 4TC4 -----	 -	 - -
L•TAVG•+2.14ti.4S-l•289+(TC))
C	 CONVERTS META B OLIC RAIL FROM CAL/SEC TO PTU / 4R	 ----	 `
RNX n RMX03.603.97
WSH I ViRMX - OBASAL
IF" (QSHIV•LL•U,0)WS ► ,IV n o0a
-	
RF TUR14 --
	
— - - -- - -- --	 ---	 —	 —	
-----
END
SL I BRnUTINE 7 C ( T  •TF 1FL )
I F ( IFL• N E • 0 1(3 0 TU 65
TCs(TF'-32.)+5./9.
RLTU RN 	 WGRAL 'Apg
6S _ -TF iTE *9. /5rt -3? 	 POOR QVAWY ---- -- ---- -	 ------
RETURN
END	
-
FUN CTIO N VPT(T)
C	 FUNCTION T O CALCULATE VAPOR PRESSURE AT TEMpul
A'647.?7-(T+46.)/1.8
TEh)Pix+l.ts/ (T *46U. 1 ^ (;^24w•c . R 6B E-3^%^1
•
Ir7 a E_ A• X • + 3 1	 -	 ---- — -------
(, 1(l.•2.I88E-3+A)
VFTs1207. /10.•+TEMP
RETuPN
END
SUARnijTINE GVAR(NI,NA,NM)
13 I M E N S-t O N N I 1 8)• MA LA 1, K-A-I 5 S)	 --- --
DATA (KA(I)+1 n I ► 5)/'	 T(I)	 T(?)	 T(3)	 T(4)	 T(5)9/
DATA (KA(I)ol Q 6,10)/ 9	 T(6)	 T(7)	 T18)	 T(9 ) T(10)1/
DATA (KA(I)sl n IIsl5 ) / • 7(11) T(12) T(13) T(1,4) T(15)0/
DATA (KA(1)o1 = 16.101/' T(16) T(17) T(18 1 T(19)T(20)0/
DATA (KA(I)9l n 21r25)1 1
 T(21) T(22) T(23) T ( 241 T(25)1/
- DATA !Ka4-t-1lL,In21.,30)/' T(261- T (271-T(?A ) -T ( 29 ) T430) •,I-
D A TA (KA(I)j1 n 31.35 ) /' T(31) T(32) T(33) T(341 T(35)t/
DATA (KA(I)sl a 36,40)/' T9361-T(37) T(36) T(39) T(40)9/
DATA (KA(I)$I n 4 1o45)/ l T(41) T(42) T(43) TUGAV	 SQUGI/
DATA (KA(I)•I s 46,5U)/ • BEVAP
	
TOTL TDE*C	 WORK 9SHIVO/
D A TA (KA(1),1 s 51j55)/'ST(#RAT QSTOR	 TCAB VPUEW	 U'/
*RITF(6 •101 	-	 -	 -	 ---	 ---	 --
If' FORMAT(/'OPLEASE ENTER ITEMS TO BE PLOT T ED By INDEX NO * 1I2)t)
D O 3 0 101
GD T r) 15
1-` AKITF16,14)
I & FCRMAT(' s+••• RLAP FRRORI)
15 -READ --( 512Ua.ER}iL 1 31 1,441 1- I- - — --- --- —	 - -- ..._ — ---- — — -	 _
2( , FORMAT(12)
1F	 (NI(I)•LT.I) GO TO 4U
1F ( I ( 11•GT.55) (,0 TO 13
MiNI(1)
NA(I)iKA(M)
WRITF.(4#251 NItII.KA(;-)- ._
2E, FORMAT(' 0**••9•13o2XsA6)
M. CUNT I NuE	 - -
4rl NNsI- 1
RETURN
END
END ONSITE P p INTOUT CN ,1Ur:E 2 6 , 1974 AT 15:5n!ln
F	 '
op
C
18
at
D'F PoDR QUAtitV
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